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II. Experim enta l Ba ck g rou nd 
 

Ins ta bilities  tha t a ffect bea m  brig htnes s  a nd 
lifetim e a re directly obs erved in the m ea s u rem ent 
of fu nda m enta l properties . 
 
Tra ns vers e Techniqu e 
 
Bea m  pos ition (x,y) rf BPM  
Bea m  profile/em itta nce (x,y) x-ra y pinhole 
 ca m era  
Beta tron tu ne (x,y) rf pick u p 
 
Long itu dina l 
 
Bu nch leng th s trea k  ca m era  
Bu nch profile s trea k  ca m era  
Bu nch pha s e s trea k , rf probe 
Energ y dipole a nd pos ition rea ding  
Energ y s prea d dis pers ive reg im e a nd im a g e 
Synchrotron tu ne rf pick u p 
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Schematic of the APS Beam Diagnostics Sector 

 



Advanced Photon Source
Bunch Patterns
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III. Exa m ples  of Ins ta bility M ea s u rem ents  
 

A. 6 + 22 Sing lets  Fill (APS U ser Fill Experim ents ) 
 

Tra ns vers e Ins ta bility 
 

• Tra ck  35-BM  pinhole ca m era  (dis pers ive point: 
u s e a s  ref.) 

• Tra ck  bu nch leng th, 35-ID diverg ence, 35-ID 
pinhole im a g es  for s im ila r fills  

• Check  lifetim e correla tion 
• Check  chrom a ticity effects  

 
Long itu dina l Ins ta bility 

 
• Tra ck  35-BM  pinhole im a g e s izes  
• Tra ck  35-BM  s trea k  ca m era  da ta  
• Dis pla y du a l-s w eep s trea k  im a g es  du ring  

ins ta bility (10  µs , 10 0  µs , 1 m s ) 
• Va ry rf ca vity tem pera tu re s et point 
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Horizontal Beam Size and Lifetime 

Show Correlated Change at ~ 85 mA (positrons) 
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Correlated Change of Parameter Observed at Bending 
Magnet and Insertion Device Source Points at 85 mA 
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Correlated Change of Beam Motion and 

Emittance Observed Near 85 mA 

 Courtesy of L. Emery, APS 
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Correlated Change in Energy Spread and 

Bunch Length Observed at 101 mA 
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Strea k  Ca m era  in Focu s  M ode 
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Du a l-Sw eep Strea k  Im a g e: Sta ble Bea m  
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Du a l-Sw eep Strea k  Im a g e: Uns ta ble Bea m  
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Du a l-Sw eep Strea k  Im a g e: Sta ble Bea m  
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Du a l-Sw eep Strea k  Im a g e: Uns ta ble Bea m  
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III. Exa m ples  of Ins ta bility M ea s u rem ents  
 

A. 6 + 22 Sing lets  Fill (APS Obs erva tions ) 
 

Tra ns vers e Ins ta bility 
 

• Thres hold is  80 -85 m A 
• Horizonta l s ize increa s e obs erved (~ 10 %) in 

a vera g ed files  (35-BM  pinhole ca m era ) 
• SR bea m  lifetim e correla ted 
• Em ery ha s  previou s ly m ea s u red horizonta l 

centroid m otion: Chrom a ticity effect, rf ca vity 
pha s es  (?) obs erved 

• Correla tion w ith 35-ID diverg ence a nd s ou rce 
s ize, not bu nch leng th 

 
Long itu dina l Ins ta bility 

 
• Us u a lly s een a t 10 1 m A 
• Horizonta l s ize increa s e is  s ig nifica nt: σ

x
 = 135 -

> 210  µm  
• Correla ted effect w ith bu nch leng th 
• Sens itive to rf ca vity tem pera tu re 
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III. Exa m ples  of Ins ta bility M ea s u rem ents  
 
 B. Fu rther Exa m ples  of Ins ta bility M ea s u rem ents  

(Sing le Bu nch) 
 
 Tra ns vers e 
 
 APS: Hea d-ta il  
 (A. Lu m pk in, B. Ya ng ) 
 ESRF: Hea d-ta il 
 (O. Na u m a nn, J . J a cob) 
 LEP: Hea d-ta il 
  (E. Ros s a ) 
 
 Long itu dina l 
 
 SSRL: Long -term  w a k efield, ca vity 
  (C. Lim borg , J . Sebek ) 
 APS: M icrow a ve Ins ta bility (?) 
  (Y. Cha e, L. Em ery, B. Ya ng , A. Lu m pk in) 
 ESRF: Energ y s prea d effect 
  (A. Ropert) 
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Du a l-Sw eep Strea k  Ca m era  Im a g es  Dis pla y 
Hea d-Ta il Bea m  Ins ta bility a t APS 

 
a ) Sta ble 

 
b) Uns ta ble 



 
 
 
 
 

Strea k  Ca m era  Im a g es  of Hea d -ta il 
Effect in Sing le Bu nch a t ESRF 

 
 

 Cou rtes y of J . Revol, R. Na g a ok a , P. K ernel a nd K . Scheidt, ESRF 
 

 



 
 
 
 
 

Wakefield Effects on Single Bunch in  
SPEAR Displayed by Streak Camera 

 
 

 Courtesy of C. Limborg and J. Sebek, SLAC, PAC’99 
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Wakefield Effects on Single Bunch in 
SPEAR Displayed by Streak Camera 

 

 Courtesy of C. Limborg and J. Sebek, SLAC, PAC’99 
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APS STORAGE RING SINGLE-BUNCH
INSTABILITY DATA

1.  SELF-EXCITATION OF X-TUNE ABOVE THRESHOLD
(HP Vector Signal Analyzer spectrum)

- inject beam in small increments and measure x,y tunes using
drive and pickup striplines and an HP VSA

- display waveform vs. freq (tune) and current in contour plot

- x tune amplitude blows up at current threshold; tune is also
observed undriven

2.  BPM BEAM HISTORY at HIGH DISPERSION; 5.2 mA,
NOM CHROM (chrom values on plot 1 above)

- x-diff signal acquired every other turn, total 8192 points

-   "bursting mode" behavior seen above instability threshold

-   BPM at dispersion; observe both x- and fs-tunes

3.   DUAL-SWEEP STREAK CAMERA IMAGING: x vs. t

- distinctly shows that the bunch size does not decohere on the
falling side of the bursts, which is the usual observation in
saw-tooth-like instabilities



SELF-EXCITATION OF X-TUNE ABOVE THRESHOLD
(HP Vector Signal Analyzer spectrum)

BPM BEAM HISTORY at HIGH DISPERSION;
5.2 mA, NOM CHROM
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III. Exa m ples  of Ins ta bility M ea s u rem ents  
 
 C. Fu rther Exa m ples  of Ins ta bility M ea s u rem ents  

(M u lti-Bu nch) 
 
 Tra ns vers e 
 
 APS: 20 -bu nch tra in, chrom a ticity effects   
 (K . Ha rk a y, B. Ya ng ) 
 
 Long itu dina l 
 
 ALS: 30 0  bu nches , long itu dina l feedba ck  effect 
  (J . Hink s on) 
 CESR: 9 x 2 or 4 bu nches  (dipola r), qu a dru pola r 
  (M . Billing s , R. Holtza pple) 
 PEPII: Hu ndreds  of bu nches  in HER, 0 .75-A 

ta rg et 
  (A. Fis her, A. Lu m pk in, U. W iena nds ) 
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 Cou rtes y of B. Ya ng , APS 

Du a l-Sw eep Strea k  Ca m era  Im a g e Show s  
M u lti-Bu nch, Tra ns vers e Ins ta bility a t APS 

(20 -Bu nch Tra in) 
 

 



  Cou rtes y of J . Hink s on, ALS, PAC'97 

 
 

Effects  of Long itu dina l Feedba ck  Clea rly 
Dis pla yed w ith Strea k  Ca m era  a t ALS 

Stora g e Ring  

300 bunches

Average current 400 mA

Bunch spacing 2 ns

Synchroscan at 124.9 MHz

Longitudinal Feedback Off

Longitudinal Feedback On

300 bunches

Average current 400 mA

Bunch spacing 2 ns

Synchroscan at 124.9 MHz



http://cesrelog.lns.cornell.edu/MSLOG/impedance/ms/fsa_00012960.gif
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 Courtesy of A. Fisher, SLAC 

Dual-Axis Synchroscan Streak-Camera 
Image 

700-Bunch Sequential Fill, Every 4.2 ns  
(“ Richter-Dorfan”  fill), 228 mA 

 
Alex Lumpkin and Alan Fisher 

30 January 1998 
 

1 ns Full Vertical Scale 

 

5 µs Full Horizontal Scale 

• Time within a bunch is dispersed vertically, while the bunches in the 
train are displayed horizontally. 

• Because the camera is swept vertically at 119 MHz, half of the bunch-
train frequency, even and odd numbered bunches are 180° apart and 
are swept in opposite directions. They are separated for clarity by a 
small delay from the precise zero crossing. 

• For this charge per bunch, the train displays these longitudinal 
instabilities when the length reaches about 500 bunches, but stabilizes 
again after about 1200 bunches. 

• However, with a 500-mA 1658-bunch fill, the middle of the train was 
unstable. 



 Courtesy of A. Fisher, SLAC 
 

Longitudinal Instability at 500 mA 
 

30 January 1998 
 

1658-bunch train (every 4.2 ns, plus one gap), filled in 9 zones to ≈ 500 mA. 

Only the middle of the train became unstable. 

 

1 ns full vertical scale, 10 µs full horizontal scale (just over 1 turn) 

  



 
 
 
 
 

Strea k  Ca m era  Im a g e of Long itu dina l Cou pled-Bu nch 
Os cilla tions  (w ith La nda u  Da m ping ) a t ESRF 

 
 

 Cou rtes y of O. Na u m a nn a nd J . J a cob, ESRF 
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IV. Potentia l Techniqu e Developm ent Area s  
 
 How  does  one better dis pla y the s ig na tu re of a  

g iven ins ta bility? (tim e res olu tion, ba ndw idth, 
s ens itivity). 
a . La ttice m a nipu la tions  m a y increa s e s ens itivity 

or a llow  control. 
b. U se of du a l-s w eep s trea k  ca m era  for 

long itu dina l dyna m ics  is  w ell es ta blis hed, bu t 
the u s e of tim e-dependent tra ns vers e 
m ea s u rem ents  ha s  a ls o been dem ons tra ted 
a t APS. 

c. X-ra y s trea k  ca m era  provides  im proved 
s pa tia l res olu tion w ith tim e res olu tion. 

d. G a ted, intens ified ca m era s  ca n be u s ed for 
s ing le bu nch, s ing le-tu rn m ea s u rem ents . 

e. Bu nch-by-bu nch rf BPM s  w ith dig ita l bea m  
his tories  a re being  dem ons tra ted. 

f. Dig ita l da ta  from  the feedba ck  s ys tem  ca n be 
u tilized to tra ck  tra ns ients . 

g . Hig h-res olu tion energ y s prea d m ea s u rem ent 
w ith a n x-ra y m onochrom a tor ha s  been 
dem ons tra ted. 

h. Others  to be identified in this  W ork s hop. 
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V. Su m m a ry 
 

• The opera ting  s tora g e ring s  from  the s econd 
a nd third g enera tions  provide nu m erou s  
exa m ples  of ins ta bility obs erva tion a nd control. 

• Tim e-res olved im a g ing  techniqu es  continu e to 
develop for both long itu dina l a nd tra ns vers e 
effects . 

• Tim e-dependent ca pa bilities  in ins tru m enta tion 
for rf pick u p devices  a re very pow erfu l (pos ition, 
tu nes , bea m  s pectra , etc.) 

• The com plem enta ry u s e of s evera l dia g nos tics  
is  pa rticu la rly encou ra g ed. 

• Fu rther excha ng e of idea s  a t this  W ork s hop 
m a y lea d to better dia g nos tics  a t ea ch of ou r 
fa cilities . 
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